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5nFPRODU 'tIONb , or EQUINE ENC1IP!IALOMYE h11IS VIRUS AT
LOW IONIC STRENGTH-

ST. 1, $e'lo.a. 1. B. -Tc::,dakoo:, S' S. Grig6ri$.n. F. I. Ersho1 1
.. c iniu-ne ci low irnic .u•e.:nth on rvp:oduc:'on of Vcnezlel-n equine cnce;'=1o-

-::.2tz." " ',as as' d.X. " Low Ionic fren:!th. was icund. to inhib't .- • I•&Y pe. .
" :z :elease fro. ~ces :4 ",-age of riiu" proct~on. - U..ckr Low c con . ;i:en

" -r.!h•s of viral RNA. -d prn cr:s.o:cureJ at IN'e oni• at. Viru.- .•'uc,-es l.,:mned
:' " .', ce.!4,under nwm:.,a1 and hypotor.c con.:ions Yere anaM ed. It aw s shoei tha't 'n UDC 576.858.25.095.6

:•' In: ra~hhrhic per'od -":.- w I '•o c, r::iz v1rus r.bonuckcottcim- were formed 4t-6
-:. ma"lnled in the. cel i ximlic Weýre prf:1U Lbumiod Vth cell .zcl re~~ower ~

rm , al ond ions T7-e e!hi.ntc " p:crnt 'l !ha: at the end of the xirus cch-i.n"
. , c .vd.ml i..,e. te'" - v.rus ":;':: accumulate on rnenbranes and o"pparenh1
- -:: b • sed~.tr:c" co.-tan"r are forined uhme.j under thc.ex.eondifions rrn

--, t:mt.ed on the ceil s.::rface.

REPRODUCTION OF VENEZUELAN EQUINE

ENCEPHALOMYELITIS VIRUS AT LOW IONIC STRFNGTH

Article by T. M. Sokolova, I. B. Tazulakhova, S. S. Grigoryan and F. I.

e v he s - uVop. Virusol,
Yershov in the Russian-language journal/YifOI/•f/lflY/tt rllg9:5:568-575,

1974, submitted II November 1973, Institute of Virology imeni D. I,

Ivanovskiy of the USSR Academy of MKedical Sciences, Moscow.

-A study was carried out of the effect of low ionic strength on the

repro--duction of Venezuelan equine Pncephalomyelitis [VEE] virus. Data

obtained showed that low ionic strength inhibits in reverse che process

of virus release from the cell at all stages of virus reproduction. An

examination was carried out t' --he kinetics of the virus escape from Cells

with a change of ionic strength and the possibility of employi.ng low ioplc

stretigth to accumulate intracellular virus in large quantities. It was

established that under hypotonic conditions synthesis of viral KNA and

proteins in an infected cell occurs at a normal rate. An analysis was

carried out of viral structures formed in cells in a normal and hypotonin

"4 state. I. was shown that with low ionic strength in a logarithmic period

viral riconucleoproteins formed and accumulated in the cells which were

probaby bound with membranes slower than tinder normal conditions. .Data

is presented showing that at the conclusion of the viral cycle in a hypo-

Lonic medium intermediate virus forms accumulate o tth. membranes and
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apparently virions witt. proper sedimentation constants are formed which

under these conditions can be precipitated on the cell surface.

The process of releasing arboviruses from cells depends on a number

{ of medium factors among which ionic strength plays an important role (5,

10, 11). The n•chaaisra of the action of low concentrations of salts on

reproduction of viruses is still unclear. According to some investigators

(6, 10, 12) a change occurs here in the physico-chemical composition of

- the membranes which in turn leads to a disturbance in the final stages

of virus maturation. Proceeding from this it should be expected that in

the instances where virus formation occurs on cell membr.anes the low ionic

*• strength would normally lead to a decrease in virus release. Such a situa-

A71 tion has been noted in two studied arbovirures (6, 13) and a microvirus

S~(5).

, Previously it was shown by us (4), using electron microscopy, that

Sthe formation of nucleoides of VEE virus occurs near vacuoles formed in

the cytoplasm of infected cells ard the formation of supercapsides as a

result of the nucleoide gemmation on the walls of cytoplasmic membranes.

The problem posed for this study included an investigation of the

influence of low ionic strength on the reproduction of VEE virus. In

the formulation of the experiments described below we proceeded from the

thesis that although in a state oO low ionic strength we. did not observe

the release of virus into the medium there nevertheless is formation in

the cells of nucleoideA. with proper sedimentation constants. Thus,.it is

possible with the use of this methodology to accumulate structures in the

cells and to separate the processes of the formation of virions and their

-2
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relaase into the mediuia. The purpose of the present study lay in the ex-

perImeI-L&! ,rerification of these theses.

,-=terlals and Methods. Basic method for formulating the virological

experir-!nts.

"!e-hoc--iogy for establishing the radioactivity in tissue culture.

The basic method of cultivating the virus in penicillin flasks has

been described d-eviously. The number of virus infections amounted to

10-50 BOE/cell. For purposes of a hypotonic medium to cultivate the virus

we employed medium 1S9 diluted 2-1 with bidistilled water. The mediumn

with a normal ionic strength was prepared using a hypotonic medium and

a 5 M solution of NaCI. The infectious virus titre was found by the method

of an agar patch cover.

In order to detect radioacti-ity in the tissue culture we employed

a method, developed by us, permitting us Lo combine the basic method

of setting up the virological and biochemical experiments with radioisotope

technology. The cells were cultivated at the bottomo of the flasks for

the radioa'ztivity scintillation count, were infected with the virus and

tagged precursors -- 1,3 uridine and C 1 aminoacid to a concentration of

5 mkKi/ml. At various stages of the infection the culture fluid was poured

off in order to determine the virus titre infectiousness. The cells were

washed 3 times with a chilled physiological solution then fixed with a

5 " solution of trichloracetic acid for 15 minutes (while solubilization

of the acid solving tracer was taking place) and then washed twice more

for 5 m.dtates in trichloracetic acid. Then the mono-layer was treated for

( 5 -ninutes in a ether-alcohol mixture (1-I) to remove lipids. The flasks

-3-
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were was' • separately in alcohvl. and ether to remove radioactive con-

taminants on the flask walls, they were dried and filled with I ml of

toluene scintillator formulated according to the standard prescription.

Samples were counted using the Pa:,2.trd--Tricarb Counter. The count spread

z. raral!el specimens did ,ot exceed 10 %.

Secretion of Viral Structures Form the Cells.

Two hours prior to infection the 2-3 day old culture of chick

fibroblasts was treated with actinomycin D in a 2 mkg/ml concentration

at 370, then the cells were infected with the virus, 10-20 BOE/cell. Fol-

lowing contact with thr. virus for I hour at room temperature the mono-

layer was washed off with the Hanks saline solution and the mats were

filled with medium 199 at low and normal ionic strengc.h prepared as

previously described and contaiting 5 mkKi/ml of H 3 uridine. Incubation

of infected cultures with the tagged precursor was car:ied out at 370

for 3 and 12 hours. Then the medium was poured off, .. -e cells were washed

"clean of the medium using a hypotonic :.-lution, NaCL and removed with

trypsin prerared with a hypotonic solution. In cases of viral multi-

plication £n the medium with normal ionic strength the cells wr'r,: "ashad

and removed with a physiological solutioa of NaCl. The cells were pre-

j cipitated at 1500 rpm for 10-15 mi.,zutes, washed of trypsin and suspended

in 2-3 ml of buffer D (type RSB: 10 iN tris, ImM KCI and 0.1 mM of '>AgC!2).

Afr.er -his the cells were swollen in a buffer at 0 for 10-15 mi~uc.s ,.-nd

disin:eg-rated in a homogenizer. The nuclei were precipitated for 10

minu-es at 1500 rpm and the unprecipiLated Eluid was sabjected to frac-

tionarion at 10,000 g fo- 15-20 minutes. The prectpitate and %.e

S . . - •-' , ' -- :2- • • -- • - . . •" -; i - . . • ': . . . '' • .. • 2. .



unprecipitated fluid were used for an analysis in the gradients. The

material was kept in liquid nitrogen at - 1800.

Analysis of Structures in a Linear Saccharose Density Gradient

We prepared a linear saccharose density gradient of 15-40 % iti

buffer D (20 el). We placed 1-2 ml of the material on the gradient while

in some of the experiments the material prior to being placed on thL

gradient was treated with 10 mM of EDTA (ethylenediaminetetraacetic acid

sodium salt). Centrifugation was carried out in a bucket rotor 3x25 ml

at 25,000 rpm for 2.5-3 hours in a Superspeed-65 (MSE) ultracentrifuge.

The gradient was scooped up from the bottom of the test tube by the method

of squeezing 16-32 drops on the LKB sampler with a recording device at

-258 nm. In order to calculate the dispersion of radioactivity in the

gradient we selected 5 mkl samples f:.om the fractions and placed them on

disks of No 4 chromatographic paper (rngland). After drying the disks

were washed 3-4 times in a 5 % solution of trichloracetic acid and then

in alcohol and ether. The dry disks were placed in flasks with toluolene

scirtillator and radioactivity was determined using the Packard-Tricarb

Counter.

Results

Ac,.ion of Ionic Strengt.h on Viral Release from the Cell.

In series I of the experiments we studied the release of the ir-

fectious virus in a hypotonic medium at various stages of the multiplica-

tion cycle. The experiments were formulated under conditions of a single-

cycle viral infection which as had been previously pointed out (2)

comprised for the vir.s VET: 6-9 hrs. The experiment was formulated as

-5-
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followsi the infected cells wete initially infected in a medium with normal

ionic strength and subsequently at various stages of the infection (1,

3, an'i 5 hres) :he medium was replaced with a hypotonic. After 2 hours

a reverse change of the medium was carried out using the isotonic and we

observed the viral production for another 2 hrs. The resultq of th2

experiment are presented in Fig. la. As can be seen the replacement of

thar normal medium for the hypotonic led throughout the investigation,

following the infection, to an expressed inhibited production of the

infectious virus. The phenomenon of submerging the appearance of the

%2_rus of iow ionic strength was reversible. During the replacement of

the hypotonic medium with the isotonic there took place the restoration

o' the infectious virus titre which soon nearly approached the control

values.

•< = L~~~. -';/ ; #
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Figure 1. EFFECT OF LOW IONIC STRENGTH ON VIRUS RELEASE

Dotted line-i.sotonic medium; Solid line-hypotonic medium; arrows

pointed to the nature of the change of the medium; downward-change

of the isotonic medium to the hypotonic; up, the reverse; a) sub-

stiturion of tue isotonic medium for the hypotonic was carried

out 1, 3 and 5 hours after infection, following this the cells

were incubated in a hypotonic medium for 2 hours and then a

reverse substitution of the medium took place; b) cells were in-

cubated immediately following infection in a hypotonic medium

for 1, 3, 5 and 8 hours and then the ionic strength was brought

up to normal at designated periods with the addition of NaCI.

Infectious titre of the virus in the medium were identified im-

mediately following the addition of salt and after I and 2 hours;

c) the infected cells were incubated in a hypotonic medium

immediately following infection for 5, 7, 18 and 24 hours;

d) the kinetics of the rate of virus release from the cells during

the change of the hypotonic medium for the isotonic corres-

pondingly after 5, 7, 18 and 24 hours following infection

(lines 1-4 respectively); dots in the drawings represent the

infectious titre found after the time shown on the abscissa and

following infection (a-c) or atfter the medium change (g).

Key: I. Hours, 2. Minures, 3. Lg BOE/ml.
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In subsequent experiments, of this series the cells immediately

a-fter infection were incubated in a hypotonic medium and after 1, 3, 5

and 8 hrs the ionic strength was brought up to the normal %.,Ith the

addition of 5 M NaCI. The infected titres of the virus in the medium were

,-! i.ediately fo!!o•i~n, the addition of salt and after I and 2

hrs. The results obtained are presented in Figure lb. As can be seen

in Figures la an.d b the presence and the addition of the hypotonic medium

during che course of the latent period and in the initial and final

ýphases of the logarithmic period did not disturb the subsequent stages of

the formation of the virus. incubatioa of the infected cells under

hypotonic conditions during the entire reproduction cycle barely reduced

the infectious titre of the virus released from the cells with the

normalization of the ionic strength in comparison with control. Sup-

pression and restoration of the viral product with changes in ionic

strength occurred very rapidly which is very characteristic of processes

for releasin- the virus fron the cells. Five minutes after medium

replacement and by the 8th hour o Lhe infection the cells released a

quantity of the virus which under normal conditions is synthesized during

the coair-ce of the entire logarithmic period. Moreover, the greatest

r.storation effect was observed during a change in the ionic strength in

~ I t*he logaridamzic perio~d i. e. when uinder normal conditions a rapid release

of the baSic mass of the mature virus from the cells takes place.

The res.il-cs described coincide with data of other authors (5, 6,

-0-12) who had studied the release of the virus under hypotonic conditions

an,' con-firm the theses tl-,t the action of low ionic strength is linked

to the latter szages of the formation oft the virus.

-- 8--



In a special series of experiments we studied the kinetics of the

rate of release of the virus from the cells following a change of the

hypotonic .medium to an isotonic after 5, 7, 18 and 24 hrs following in-

fection (Figure id). One minute after the replacement of the medium the

cells released a significant quv"itity of the infected virus and this

process continued at an accelerated pace for I hour after which the race

became normal. The greatest rate of viral release from the cells was

obserred after 5 and 7 hrs.

In another series of experiments we attempted to explain the

duration of the action of suppresion of low ionic strength of the virus

release into the medium and to calculate the possibility of using this

phenomenon in order to obtain intracellular virus in large quantities.

For this purpose the infected cells were incubated in a hypotonic medium

for 5, 7, 18 and 24 hrs. Figure Id shows that only by the 18th hour did

we observe an insignificant release of the virus into the medium; this

apparently is the result of the death and destruction of a portion of 'hie

infected cells. Therefore it is in reality possible with the help of low

ionic strength wo prevent the release of the virus from. the cell for a

prolonged period of time and to obtain a large quantity of the intra-

cellular virus.

"Synthesis o' Viral 1, NA and Protein under Conditions of Low Ionic

Strength

In order to obtain additional data on t~he machanism of action of

the low ionic strength on the reproductive stages of one virus and to

clarify the stages of inhibition we studied the rate and scope of the

-9-



inclusion of tagged prer'ursors in viral RNA and protein in a hypotonic

and normal medium. During various phases of the infection (1, 3 and

5 hrs) we introduced into the incubation medium, for a 2 hour period,

tagged precursors of RNA synthesis and protein. We determined the in- !

feczious titre of the virus in the culture medium and radioactivity ir-

.the specially treated mono-layer of cells. Figures 2a and b show the

curves for the inclusion of tagged precursors in viral macromolecules

under conditions of the suppression of the synthesis of cellular &NA'by

iore than 99 %. The synthesis of viral RNA and protein in an infected cell

in a hypotonic med~ium in-comparison with the normal was not inhibited,

the rate and scope of the inclusion of tagged precursors under hypotonic

condit-ions was even some;.hat higher. The nature of the curves in both in-

srances coincided, syathesis of viral RNA increased linearly up to 7 hours

while protein synthesis attained its maximum by the third hour and then

began co decrease. Under conditions of the absence of the suppresion of

the synthesis of cellular RNA (without actinomycin) the inclusion of tagged

precursors it. a hypotonic medium was somewhat lower than in the isotonic.

This probably reflects the suppresion of the cellular synthesis proper

in the medium with a lowered salt concentration (Figures 2 c and d). These

findings confirm the results of other au'thors (12) who along with this

have shown that the process of releasing the virus from the cells does

not require protein synthesis de novo and energy.

These results show that the phenomenon of the suppresion of viral

reproduction under hypotonic conditions apparently is not linked with pro-

cesses of the transcription and translation of viral macromolecules and

is oaserved at much later stages of virus multiplication.

-10-
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Figure 2. RNA AND PROTEIN SYNTHESIS UNDER CONDITIONS OF

LOW IONIC STRENGTH

The dotted line with the clear circles represents the inclusion

of tagged precursors in the isotonic medium in iifected cells and

the dotted line with the black circles represents the inclusion

of the tagged precursors in the isotonic medium in non-infected

cells. The solid line with the clear circles represents the

inclusion of tagged precursors in a hypotonic medium in infected

cells and the solid line with the black circles represents the

inclusion of tagged precursors in a hypotonic medium in non-infected

3
cells; a) inclusion of H uridine in virus and cell RNA with

actinomycin; c) the same without actinomycin D; b) inclusion of

14C aminoacids in the protein of infected and non-infected cells

iwith actinomycin '; d) the same without actinomycin D; abscissa

represents the length of the analysis (hours following in~ect:ion).

-- , 1. 3 14 . -4. ~Key: 1. Hours; 2. H -C -radioactivity (imp/min x Io ).

" - =•"-- 11 -



- Virus Specific Structures Formed in Cells at Low Ionic Strength.

The goal *of subsequent research was a study ef the effect of low

ionic strength on processes of the formation and accumulation of viral

structures in the infected cells. The infected culturo-s were incubated

in - hypotonic medium for 5 and ., hours, Then fractions were obtained

from the cells as described in the section on Materials and Methods. These

were analyzed in linear saccharose density gradienzs. Figure 3 shows the

profiles of the radioactivity of structures from rhe fraction obtained

b." precipitation of the cellular homogenate at 10,000 g. As we had

assumed, at low ionic strength an accumulation of structures took place

in the infected cells which sedimented itt the gradient at the rate of in-

complete forms of the virus or nucleoproteids linked with membranes of

the cells and contained virus specific &.A. As can be seen from Figure 3,

the structures formed by the fifth hour of infection under normal condi-

tions showed ia the gradient a homogeneous distribution and under

hypotonic conditions sedimented in the form of 2 types of structures 180 6

and 210 S. It had been show;t previously that constants of viral sedimen-

tation and of viron ribonucleoproteid are equal correspondingly to 260 S

and 140 S. Apparently, at low ionic strength there was partial destruc-

tion or retardation in the process of viral morphogenesis or interaction

of the structures and membranes. By the 12th hour of the infection, it.

a hypotonic medium radioactivity in the zone of the sedimentation of

virial structures approximately doubled in comparison with normal conditions

mhile intection increased tenfold (form 5 Ig to 6 Ig BOE/ml). :oreover,

the stiructures formed in the hypotonic conditions sedi-ented in the

gradient at- a greater rate than in the normal medium.

-12-
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•' Figure 3. FORM4ATION OF VIRUS STRUCTURES IN CELLS IN NORMAL

We analyzed structures obtained by precipitation 02 cell

homogenate at 10,000 g for 15-20 minutes in a saccharose density

for 2.5-3 hours in a bucket rotor 3 x 20 ml in a Superspeed-65 (MSE)

centrifuge. The arrow points to the position of the marker

S(virion ribonucleoproteid). a) Cultivated in .1 iAsotonic medium;

c) in a isotonic rediun; d) ;n a hypotonic meditun 12 hours after

- -j A°•°3°
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As a resultof the processing of the VEE structures (Figure 4)

with EDTA their sedimentation constants did not decrea-ie. Inasmuch as

the virions and riboaucleoptoteids are insensitive to this type of treat-

rment there probably took place a dissociation of the structures front the

cytol•3mnatic m.embranes. Results of the electron microscope stu-lies of

she processes of the formation of the virus in the infected celi (4)

= showed that in these processes roles are played by the cytoplasmatic vacu-

oles and membranes which carried the viral nucleoides. A comparison of

the position of the structures in the gradient with the sedimentation

* of the virion ribonucleoproteid secreted from the virus by non-ion

deatergenrs and of the putified virus made it possible to assume that by

the 5th hour of the infection viral ribonucleproteids separated from the

membranes and by the 12 hour more complete forms of the virus also

separated. At the same time under hypotonic conditions by the 12th hour

of the infection various structures constant in sedimentation were linked

with the membranes and apparently represented various stages in the mor-

phogenesis of the virus.

Thus, an analysis of the structures formed in the infected cells

under hyporonic condi tions showed that the process of interaction of viral

nucleoproteids with cell membranes in the logarithmic period of the viral

cicle is -reqlently disturbeJ or what is more likely retarded. By the

1' 12th hour oE in-faction the cellular membrane accumulates a number of inter-

nediate forms of the virus ýad there are even formed Virions complete in

:4 t'e sedimaetation constant; however, their release into the medium under

uhCse conditions is not observ.!d.

--4I

- t



w~ý I -. " - Y'

Figure. EF T OF I

1000 g ..'_ was. .. trae wt .0M EDA.- fo......s.at00

-." _l . I.t +V,:,.:.

The conditions for t1he analysis of the structures and the rem~ain-

in- desig,tations are the same as for Figure 3.

-•IIt is of interest to note that- dur-ing an an•alysis of the

mist•.,ctures for-m.,d under the hypotonic oc--ditions the fraII-tion of the
i ~ supernatant follow•ing centrifugation at 10,000 g did not show ctructures

wzith a sediment~at;Lon conlstant of 60-80 S although ";e observed a significant

incr•sein the radioactivity above the gra+diei,t. Similar .+týruc~tures were

observed and described in infected cells and according to a number of

+• auý*hors may represent complexes or viral R.%A i;-th a smiall ribosonal subunit

(9) or viral specific inform+osome (1).

~~-2-5 -
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IDiscussion.

As we know, a gradual liberation of hereditary virions into tie

medium as they mature is normal for arboviruses (8). At the samle Lime

the release of mature virions from the cell amounts to a total of 20 sec

(7) therefore during titration we normally observe the predoninance c'r

the intracellular virus over the intercellular. However, as our in-

vestigations showed the process of the release of the virus From the cells

is determined to a ,ignificant degree by the ionic strength and under the

-I conditions of low ionic strength of the medium we observe a reverse situa-

tion with the predominance of the intercellular virus over the intra-

cellular. Therefore only under normal conditions is it possible to judge

the dynxaics of the formation of the virus in the cells according to the

concentration of the culture fluid. Our data show that under hypotonic

Sr conditions basic stages of the formation of the virue take place; however,

the release into the medium of infectious virions is inhibited.

A comparison of the results obtained by us with data of other

investigators (5, 6, 10, 11) permits us to draw certain conclusions re-

garding the mechanism of the effect of low ionic strength on the reproduc-

"tion of viruses. Above all the results or the virological studies show

that the effect of low ionic strength is manifested at the latter stages

of viral reproduction. This conclusion also proceeds from data on the study

of the rate of synthesis of viral RNA and proteins of an infected cell

under hypotonic conditions. Although the inclusion of tagged precursors

into the viral macromolecules cannot as yet be considered as absolute proof

of their synthesis according to available data (10, 12), the RNA formed

6-



under these conditions is infectious, sediments i. the caccharose density

i �gradient at a normal rate and is included in the composition of viral

ribonucleoproteids. The latter, as shown previously in this work, ac-

cumulate in the cells at low ionic strength by the 5th hour of infection.

.0oreover, apparently there is a slowdown in the process of intcraction

az.ong the nucleoproteids and the cytoplasmatic ne:nbranes. Probably on

the basis of this process there is the phenomenon of physicochemical

nature depending on ionic interaction between proteins of the nucleoproteids

and cell membranes. The data obtained by us .hat by the lVth hour of in-

fection the viral structures in a hypotovic medium. linked ,:ith the

rnembranes sedir:ent in the sacchatose density gradient at a greater rate

than structures formed in an isotonic medium may be explained in the first

place by an accumulation of siructures on the membranes and in the second

place by the formation of intermediate forms of the virus which are

heavier according to the constant of sedimentation which under these con-

ditioub probably precipitate on the surface of the cell and can be rapidly

released into the medium at a greeter ionic strengz:h. The electronmicro-

scopic investigation of this phenomenon conducted In earlier stildies

(6, 13) confirms the data obtained by us as well as the explanation.
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